Australia has had Guidelines in place for water recycling (for all uses other than the augmentation of drinking water supplies) since 2006. These Guidelines were extended to cover potable reuse in May 2008 and have been applied to two potable reuse projects in Australia -one a trial plant in Perth, Western Australia and the second for a large AUD$2.6 × 10 9 scheme in Brisbane, Queensland. All reclamation plants in Australia must be 'validated' against the Australian Guidelines for Water
INTRODUCTION
Water recycling is playing a significant role in the diversification of Australia's water supplies and there has been significant growth in its application over recent years. Australia has had Guidelines in place for water recycling (for all uses other than the augmentation of drinking water supplies) since 2006. The Guidelines were extended to cover potable reuse in May 2008.
These Guidelines essentially focus on a risk management rather than a risk avoidance approach to ensuring the end product water quality, with a reliance on multiple barriers in the treatment train. The Guidelines focus on both acute and chronic health impacts and there is an acknowledgement that, with the multiple barriers in place, the critical issue is the acute health impact. All water recycling schemes in Australia have to be validated before operation to ensure that the overall log removal values (LRVs) required for virus, bacteria and protozoa for the particular end use in question are complied with -be it potable reuse, dual water supplies or unrestricted irrigation. These overall LRVs are the sum of the LRVs achieved across each of the individual process units and it is these individual LRV values that have to be validated before the plant can become operational.
The majority of advanced reclamation plants, particularly those that have been designed for potable reuse, in Australia incorporate the dual membrane system -microfiltration (MF) or ultrafiltration (UF) followed by reverse osmosis (RO). This process train appears to be the default process for many high end reuse schemes in Australia (as well as South Africa, California and parts of Europe) at the moment. However, experience is showing that this train, while producing an exceptional product water quality, is not as cost effective or as sustainable as those trains that incorporate ozone and activated carbon in lieu of ROexamples of which are the UOSA plant in Virginia, USA and the Goreangab Plant in Windhoek.
Given that Direct Potable Reuse has been practised in Windhoek, Namibia since 1968 and that the current Goreangab Plant does not have RO incorporated in its treatment train, this paper will validate the performance of this plant against the Australian Guidelines for Water Recycling (AGWR) and by so doing, lend support to more serious consideration of non-RO based treatment trains for potable reuse applications, not only in Australia but in other countries of the world.
AGWR -AUGMENTATION OF DRINKING WATER SUPPLIES
Australia has had Guidelines for augmenting drinking water The 'Key Principles' of the Guidelines are as follows:
• Protection of public health remains paramount -must be recognised and reinforced as the highest priority.
• Community engagement and support is essential -the consuming community are the ultimate arbiters of acceptability.
• Institutional capacity must be in place -management structures must be commensurate with the need to provide a safe drinking water, on a continuous basis.
• Robust and reliable multiple barriers must be installeduse of multiple barriers is the key to production of a safe drinking water and they must be maintained and monitored through the life of the schemes.
• Personnel skills, training and accountability are essential -personnel must have appropriate skills and training and be aware of the consequences of failure.
• Effective trade waste (source control) programmes must be in place -effective trade waste programmes must be in place to reduce the range and concentrations of chemicals discharged to the sewers.
• Regulatory surveillance and auditing -surveillance and auditing verify that schemes are managed and operated at levels that protect human health.
Microbial health based targets
The greatest risk to human health is that presented by microbial hazards. The AGWR use Disability Adjusted Life Years (DALYs), performance targets and reference pathogens for the evaluation of microbial health risk. This is based on the approach described in the World Health Organization (WHO) Guidelines for Drinking Water Quality (WHO ). The 'tolerable' microbial risk adopted in these guidelines is 10 -6 DALYs per person per year, which is approximately equivalent to an annual diarrhoeal risk of illness of 10 -3 (i.e. 1 illness per 1,000 people).
A quantitative microbial risk assessment (QMRA) can be applied to microbial hazards. The approach outlined in the AGWR uses the following reference pathogens:
Cryptosporidium for protozoa and helminths, a rotavirus and adenovirus combination for enteric viruses, and Campylobacter for bacteria. The default 95th percentile values for these organisms (per litre of sewage) are given as 2,000 Cryptosporidium, 8,000 rotavirus, and 7,000
Campylobacter.
Using these values, and an average daily consumption of 2 L/person/day, the log reductions required to achieve compliance with the 10 À6 DALY/person/year tolerable risk level can be calculated using the formula:
where DALYd (the dose equivalent to 10 -6 DALY) is 1.6 × 10 À2 for Cryptosporidium ('total', not 'viable'), 2.5 × 10
À3
for enteric viruses, and 3.8 × 10 À2 for Campylobacter.
Using this formula, the minimum log reductions required for potable reuse are as follows:
• 8 logs for Cryptosporidium.
• 9.5 logs for enteric viruses.
• 8.1 logs for Campylobacter.
A combination of treatment processes is then required to cumulatively achieve these levels of log removals. However, advanced treatment should reduce concentrations of these compounds to below guideline values.
NATIONAL VALIDATION FRAMEWORK FOR WATER RECYCLING SCHEMES
Validation of the unit processes within a treatment train to show compliance with the overall performance requirements is important for any water recycling scheme. The objectives of this 'National Framework' are as follows:
• Protect the health of the public and the environment.
• Support the AGWR which require treatment processes to be validated.
• Provide independent endorsement of technologies and processes.
• Ensure validation is consistent across all States and Territories in Australia.
• Ensure the validation process is transparent.
• Provide a mechanism for recognising validation carried out overseas, or as part of an international programme.
This project is proceeding in two stages:
• Stage 1, which is now complete, included consultation with industry and the Federal Government to establish their needs and concerns; a review of current and emerging techniques for validating treatment processes;
identification of knowledge gaps and the design of a workable and accepted framework.
• Stage 2, which is in progress, includes research into some 
VALIDATION OF THE GOREANGAB RECLAMATION PLANT (GRP), WINDHOEK
Non-treatment principles adopted at the GRP The plant employs multiple barriers, including treatmentbased, non-treatment-based, and operational barriers, to ensure adequate product water quality. Treatment barriers are defined as 'continually present systems that reduce the undesired substances in the water to an acceptable level'
(du Pisani ). The non-treatment barriers include the following:
• Thorough policing and diversion of trade wastes to a separate treatment plant.
• Monitoring at inlet and outlet of the wastewater treatment plant (WWTP), allowing action to be taken before the water reaches the reclamation plant.
• Extensive monitoring of drinking water quality.
• Blending with other waters such that reclaimed water accounts for no more than 35% of the community's drinking water supply.
• A persistent and active community interaction programme.
In • Three barriers for microbiological pollutants.
• Two barriers for physical and organoleptic parameters.
• Four barriers for trace organics and disinfection by-products.
• One barrier for critical parameters with no public health risk (e.g. stability).
It is concluded that this summary of the principles adopted at the GRP is similar to the Key Principles of the AGWR, as identified above.
Treatment barriers at the GRP

Quantitative microbial risk assessment
A QMRA was carried out for the GRP in 2011 by students from the Chalmers University of Technology in Gothenburg, Sweden (Ander & Forss ) . This work was based on comparing identified risk levels with an acceptable health based target of 10 À4 (1 in 10,000) annual probability of infection, a value similar to that adopted in the USA (Regli et al. ) .
The work assessed the risk of infection caused by Norovirus, Giardia and Cryptosporidium, with Escherichia coli, Clostridium perfringens and Somatic coliphages being used as 'indicator organisms'. The latter three organisms are included in the sampling and monitoring programme in place at the plant.
The QMRA was carried out for two operational scenarios: optimal operation that was defined as operation without any disturbances or failures, and 'sub-optimal operation' that was defined as operation when there is a process failure or some other kind of process disturbance that decreases the overall plant's performance.
Conclusions drawn from this study were as follows:
• Of the three microorganisms evaluated, Cryptosporidium posed the greatest risk for both optimal and sub-optimal operation.
• Under optimal operating conditions, the probabilities of infection by Norovirus, Giardia and Cryptosporidium were acceptable, i.e. <10 À4 .
• With the 95th percentile concentration and under epidemic feedwater levels, the risk of infection by
Cryptosporidium was not acceptable.
• Consideration should be given to installing a UV disinfection stage to reduce this risk.
Removal of pathogens through the plant
The plant's routine sampling and monitoring programme includes analysing the removal of nine microorganisms across the plant (i.e. from feedwater to finished water) and It will be appreciated that the LRVs presented in Table 2 are those that were 'actually' achieved over the specified period and that they would be lower than those that could be claimed through a plant validation exercise, as is outlined in the above referenced QMRA study and as is required in the Australian Guidelines.
Validation against the AGWR
The flow schematic of the GRP is shown in Figure 1 . The GRP draws feedwater from the Gammams WWTP in 
CONCLUSIONS
It is concluded that the non-treatment principles adopted at the GRP are similar to the Key Principles of the AGWR.
Further, the data drawn from plants validated in Australia, together with results from the experience of others with pathogen removal through the ozonation, BAC and GAC stages in wastewater applications, tend to confirm the conclusions drawn from the QMRA work of Ander & Forss () , that there could be a risk of infection by Cryptosporidium under some operating conditions. However, blending the GRP water with other water prior to consumption does reduce this apparent risk.
It should be noted that if cognisance is taken of the fact that viable infectious oocysts can be less than 50% of the 'total' number (Cunliffe ) and if the daily consumption 1.5-2.0 (c) BAC (d) EBCT : 
